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ABSTRACT

A simplified mathod for predicting the catapult performance of

a carrier-based airplane has been developed under Contract No. 1O1i 62-0197-t,

Task Order No. 62-1; for the Bureau of Naval McponB. The method consists

of two parta; (a) the determination of airplane position at the end of the

catpult powe stroke and (b) the determination of the motion of the

airplane subsequent to leaving the catapult. The method ia oriented

toward use of a small digital coiputer; however, the calculations could be

performed with only the use of a desk calculator.
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lIaRODLETION

Me necessity for Z _ , ,  - -.Z launched from the

carrier deck defines a major requirement for the airplane. This is a very•

V €omplex requirement which affects the entire airplane design. The assessment

of the capability of a par~icular airplane design to perform this maneuver

in an anciptablo manner is not a simple task, Although there are numerous

I effects with which the airplane catapulting capability can be measured, one

of tbe Jor aspects of a launch that constitutes a useful basis for measurement

I is the tendency of the airplane to sink over the bow of the carrier after

leaving the carrier deck. A short, easy-to-use method for determining the amount

of sink over the bow would be of great asaistance in assessing the catapulting

I capability of a new airplane design. Consequently, a research and development

program was instituted under reference (a) for the purpose of developing a

sixlified method of assessing catapult performance, as outlined in reference (b).

J This program has resulted in the development of a set of simplified

equations of motion that can be used to determine the motion of the airplane

jsubsequent to the end of the catapult power stroke, and of an iteration

procedure for determining the airplane displacement and rate conditions at the

1. end of the catepult power-stroke, which become the initial conditions for the

equations of mtion. A procedure for determining the catapult force is presented

as a part of the iteration procedure.

I The equations of motion were originally written in the gro'nd reference

system, but this was subsequently abanged to the wind axis system, since most

I of the solution time occurs after the airplane leavea the deck. Provisions

'I
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are made., however, for maintaining the location of the aircraft in the ground

reference system.

In this simplified mathematical model the rigid landing gears are represented

by non-linear tire springs and shock strut air springs. he unsprung masses

of the gears are considerea to be massless and hence do not appear in the

equations. Since the hydraulic metering characteristics of the shock struts

may not alWays be available for this analysis, this damping function has been

eliminated from the model. However, since the extension damping fores in the

landing gear contribute significantly to the motion of the airplanei between

the end of the catapult stroke and deck edge, the effect of the extension

damping is included by the use of an "attenuation factor". This factor is an

empirically determined number that accounts for the reduction of static gear

load during the gear extension cycle.

Although the method presented herein is considerably less complex than

the more sophisticated procedures frequently used with aircraft whose

characteristics are completely defined, this method should provide a good

estimate of the carrier catapult performance characteristics of the aircraft.
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DEFINITION OF SYMBOLS

SYMBOL FORTRAN DEFINITION UNITS SENSE
NAME

A1O Distance from main gear ft.
p- to c.g. in ground X

direction

All Distance from nose gear ft.
to c.g. in ground X
direction

ALFA Angle of attack degrees

ALFADT Angle of attack degrees
1i table associated with
j drag coefficients

ALFALT Angle of attack table degrees
associated with lift

coefficients

ALFAMT Angle of attack table degrees
associated with aero
moment coefficients

j ALIFT Airplane aevodynamic lbs. +Up
lift

AM Airplane mass slugs

AMEDGE Distance from main ft.
gear at end of
catapult stroke to
deck edge

AMOM Airplane aerodynamic ft. lbs. +Nose Up
moment about c.g.

ANEDGE Distance from nose ft.

gear at end of
catapult stroke to

deck edge

1f

1!.
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DEFINITION OF SYMBOLS

SYMBOL FORTRAN DEFINITION UNITS SENSE
NAME

APIYY Airplane pitch moment slug-ft
of inertia at c.g.

BETA Catapult bridle angle degrees
with 'ground

CBAR Mean geometric chord ft.

CDT Drag coefficient teable none
associated with angle
of attack

CLT Lift coefficient table none
associated with angle

of attack

CMT Aero moment coefficient none
table associated with
angle of attack

DI Distance from nose gear ft.
to c.g. in fuselage X
direction

D2 Distance from c.g. to ft.
bridle attach point
in fuselage X direction

D3 Distance from c.g. to ft.
main gear in fuselage
X direction

D6 Distance from c.g. to ft.
nose axle fully extended
in fuselage Z direction

D6BAR Distance from c.g. to ft.
nose axle in fuselage
Z direction

D7 Distance from c.g. to ft.
bridle attach point in
fuselage Z direction
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DEFINITION O SYMBOLS

SYMBOL FORTRAN DEFI NITION UNITS SENSE
NAME

D8 Distance from c.g. to ft.
main axle fully ex-
tended in fuselage Z
direction

D8BAR Distance from c.g. to ft.
main axle in fuselage
Z direction

D12 CataDult bridl& length ft.

D17 Distance from c.g. to ft.
aero. ref. point in
fuselage X direction

DEDGE Distance from catapult ft.
shurtle at end of
stroke to deck edge

DELT Time increment sec.

DELT! Time increment before sec.
deck edge

r DELT2 Time increment after sec.
deck edge

DRAG Airplane aerodynamic lbs.
drag

FC Catapult force at lbs.
stroke end

GAMA Flight path angle degrees +UP

jGAMDT Rate of change of rad./sec
flight path angle

KID Control number if none
KID= 0 cat. bridle
attach point stationary:

if KID > 0 cat. bridle£ attach point moves with
nose gear stroke
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DEFINITIC CF SYMBOLS

SYMBOL FORTRAN D ,F I .,.: T 10.:. UNITS SENSE
NAME

PK Aerodynamic Ditch damp- lb.sec -Always
coefficient

PM, PMA Main gear load lbs.

PMK Main gear load none
attenuation constant

PMT Main gear load taLie lbs.
associated with axle
strokes

PMTT Main gear load table lbs.
associated with main
gear

PH, PHA Nose gear load lbs. +Up

PIIK Hose gear load none
attenuation constant

PNT Nose gear load table lbs.
associated with axle
strokes

PNTT Nose gear load table lbs.
associated with nose
gear tire deflection

RHO Air density slug§

RMO Main gear undeflected in.
tire radius

RNO Main gear undeflected in.

tire radius

S Wing area ft. 2

G T SIGT Thrust angle degrees +Up
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DEFINITION OF SYMBOLS

SYMBOL FORTRAN - DEFINITION UNITS SENSE
NAME

SM Main gear axle stro!:c ft. i+Compressed

SMI Main gear axle stroke in.

SMT Main gear axle stroke in.
tatle associated with

4main gear load

SN Nose gear axle stroke ft. +Compressed

SNI Nose gear axle stroke in.

SNT Nose gear axle stroke in.
table associated with
main gear load

J SUMFX Summation of forces lbs. +Forward
in X direction

Ia SUMFZ Summation of forces lbs. +Up
in Z direction

my SUMMY Summation of moments ft.lbs. +Nose Up
about Y axis

t T Time sec.

TARM Thrust moment arm ft. +Above c.g.
to c.g.

TH Aircraft pitch angle degrees +Nose Up

e THDDOT Aircraft pitch rad/sec2

acceleration

THD0T Aircraft pitch velocity rad/sec

TIRMT Main gear tire deflec- in.
* tion table associated

with main gear load

I
!
L

I

I.
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DEFINITION OF SYMBOLS

SYMBOL FORTRAN DIRECTION UNITS SENSE
NAME

TIRNT Nose gear tire defuec- in.
tion table associated
with nose gear load

T4AX Maximum time to run sec.
problem

TR Airplane thrust lbs. +Forward

UR Coefficient of rolling none
friction

V Airspeed ft./sec. +Forward

V VDOT Airplane e.g. ft./sec.
acceleration in wina
a es

VX X component of V in ft./sec.
ground axes

VZ Z component of V in ft./sec.
ground axes

W Airplane weight lbs.

WIND Wind velocity with ft./sec. +eadwind
respect to ground

X Horizontal ground ft. +Forward
position

XB Fuselage station of F.S.
catapult attachment
point

XCG Fuselage station of F.S.
airplane C.g.
GX XDOT Ground speed ft./sec.
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DEFINITION OF SYMBOLS

SYMBOL FORTRAN DEFINITION1 UNITS SFNSE

NAME

XL Fuselage station of F.S.

aerodynamic reference
point

XM Fuselage station of main F.S.

gear axle

XN Fuselage station of F.S.

nose gear axle

I Z Vertical height of c.g. ft. +Above Deck

above deck

ZB Waterline of catapult w.l.
bridle attach point
(at nose stroke = 0

Iif applicable)

ZCG Waterline of airplane w.l.
c .g.

ZM Waterline of main gear w.
axle at zero stroke

ZN Waterline of nose gear w.l.
axle at zero stroke

1. An angle name with R added is the angle in radians

2. Fuselage stations must increas, aft

1 3. Waterlines must increase up

4. If no symbol is given it is the same as the FORTRAN NAME

I

I
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SECTION 1

METHOD OF ESTIMATING THE CATAPULT PERFORMUE
OF A CAR= BASED AIRPLATIE

Section 1.1 Introductory Information

A simplified method for estimating the catapult performance of an

airplane for a symmetrical launch is presented in this section. The method

is presented in such a manner that it may be accomplished by following the

Deck step by step directions using only a desk calculator. The sane procedure

is also coded in FORTRAN II for utilization of a digital computer. The

procedure consists of two distinct parts;

1) determination of conditions at the end of the catapult stroke, and

2) determination of airplane motion subsequent to catapult release.

Certain assumptions are necessary to bring this problem into the realm

of small (8K) digital computers or possible hand calculation. The basic

assumptions are:

1) Three degrees of freedom are considered for airplane motion;

horizontal tranalation, vertical translation, and pit-h.

2) 1Rigid body motion only is considered for the airplane.

3) nte landing gear arrangement is of Vne tricycle type.

4) The main and nose gear stroking parts are massless.

5) The main and nose gear stroke perpendicularly to the airplane

reference line.

6) The thrust is constant.
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7) The tail setting is constant.

8) At the end of the catapult stroke the airplane pitch rate,

pitch acceleration, vertical translational rate, and vertical

translational acceleration are zero.

Section 1.2 Preliminary Calculations for Machine Computation

J Preliminary calculations are necessary to define the horizontal

force in the catsrult at the end of the power stroke (Just prior to contact

Iof the brake). An end speed appropriate to the weight being considered

and consistent with reference (d) is chosen. The incremental end speed de

to airplane thrust and drag is calculated according to reference (c). For

I the C-7 catapult

x ,2 + 640 (T -DA )V / - OO ]/
=e T I+ 4-00 'I

where - deadload endspeed, knots

TA = average thrust of airplane during power stroke, pounds

DA= average drag of airplane during power stroke, pounds

VET - endspeed increment, knots

It has been observed for a wide range of conditions that the average drag,

DA' is approximately 60% of the drag force occuring at the end of the

power stroke.

a
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The catapult force at the end of the power stroke can be determined

from

tcc ~ ~ - -I' (P/ ),

where Fc = catapult horizontal force at end of power stroke, pounds

Prv - peak to mean ratio for the catapult

S = catapult power stroke, feet

- airplane mass, slugs

= = deadload endspeed, feet per second

The gear attenuation constants PIMK and PMK must be determined in the

initial phase of calculations. The constants are defined as

PNK, FIE - I - Average Reverse Damping Load
Air Spring Load

Since the shock struts vill be unloading during the deck run this problem

is only concerned with the reverse darping characteristics of the struts.

For the F-8 airplane it was found that attenuation factors from .8 to .9

gave results that agreed with those obtained by more sophisticated methods.

It is racommended that in the absence of any data that a value in the range

of .8 to .9 be used. If it is known that a mechanical device is preiient

in the gear to provide additional orifice area for reverse stroking then

a value between .95 and 1.00 is recommended for the attenuation factors.
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Section 1.3 Preliminary Calculations for Hand Computation

If the equations of Section 2 and Section 3 are to be solved by

hand the following constants will be required in addition to those

defined in Section 1.2.

DlV - (XCG -XL)/I

D) = XCG -XN)/I Z

D3 = (XM -XCG)/I Z

D6 = (iCG Z-N)/Ia-

DS = (-&cG - M )/12

D2 = (X CG -X B)/ 2

If the bridle is attached to a fixed point on the airplane D)( is constant.

VI = ( ZCG - Z-B)/IZ.

If the bridle attachment point moves with nose gear stroke D7 mist be

caculated each pass through Section 2 and is

D7 = (ZCG -Z8- S/A) /12.
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SECTION 2

DETE .MI.-TION OF COMMITIONS
AT THE ED OF THE CATAPULT STROKE

[The procedue for determining the airplane position at the end of

the catapult power stroke is presented in this section. It may be

followed in a step by step manner for hand calculation. From assumption

.8 in Section 1.1 we may write

Z: iF = o
and 2ZM =0

These two equations may be written such that the only unknowns appearing

Jare PM and PN. An iteration procedure is used to find the P4 and PN that

satisfy both of these equations. The iteratio procedure is carried out in

. the following manner (The FORTW% routine does this at the beginning and uses

'the statements dowm to and including 13)

i. Estimate gear loads

J PM = .75W

PN PM/5

1 2. Obtain gear strokes SM and SN from gear load-stroke tables.

3. Obtedin tire deflections TIRM and TIRN from tire load-stroke tables

Iand calc-ulate rolling radii

RM RMO -TIRM
[ RN = RNO--iI RN

4. Calculate

R R= RN - RM
Q= (D8-sM)-(V6-SN)
P= DI +D3

L
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5. From Figure 2, triangle ABC yields the following eouation

P.R±4 ;(-pR)S + (Q?- 0 (2 Q2-)
S-,l e =pa+ OF

Solve for Q

. Calculate cg. height z

_ I (D -SN)cosE -D sI E + RN

(D8-SM)cose +1D3sTne -,- RM.

7. Calculate instantaneous gear lengths

ID 813AR -Z -D3s-,n - RN\)/co5 E
D GBI\P1Z±'DI sT-%nE-R )/cosE

8. Calculate vertical distance from c.g. to bridle attach point

A! = D7 cose -DO sTne

9. Calculate horizontal distances from c.g. to main and nose axles

A10 =D3cos9 - D8BAR s-e
All- DI co5G + D6B/PRSine

10. Obtain aerodynamic coefficients CL and CM from aero tables (o<. 0)

11. Calculate aerodynamic lift and moment

ALIFT = PSV CL

AMOM = \Jo'(CB RALlT-cose

12. Calculate bridle angle

13. Calculate vertical component of catapult force

FC- = FC tavf3

14. Calculate catapult force along bridle

FCP = FC/cos.-P

15. Calculate perpendicular distance from c gt catapult force line of

action

PCBAF - D 7cos(GD2)-D -sIiG Ij)
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16. Calculate stm of vertical forces (neglecting gear forces)

,I JZ = -W ALFT+-- s -(e 4- T) - - T_

17. Calculate sum of moments about y axis (negl!cting vertical gear forces)

7MAy= AMO M +PCIDAR--CP -- Z-UR-(Pt-PN)

-TP TIRN'\
18. Calculate nose gear load

PNA -f f -Al 0 -O -i r )

1+O A, 1il
15. Calculate main gear load

PN\A - E /\ -, AIIZ F
a (AO +All)

20. If PI.tk and PI. both check to within % of P24 and P11 res-pecsively ,continue

to part II. If not calc-a!ate
PN N PN+PNA)

Pmn : ( (pM+ pA,)
Go back to statement 2 and continue.

~_ _
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DETER14fIMTON OF AIPXPLNE InYITION
SUBSEQUEUP TO CATAPULT RELFSE

With the initial conditions established by Section the three equations

of motion

X- YAM VZIFix
00

e= YAPIYVZ I

in the wind sods system may be n,=:erically integrated to give tis-e histories

J of the airplaae velocity and position. This procedure is straight forard

with the excegtion that the gear loads are set tc zero when they pass ovme

t.h deck edge.

The step by step procedure is as follows:

1 Calculate horizontal distance from c.g. to bridle attachment point

A =  D o S 7 S/

2. Calculate horizontal tistance from nose gear to deck edge with

airplane at end of catapult stroke

AA/EDGE = DEDGE -AZ + -I2 Cos -All

3- Calculate horizontal dis hrne from main gear to deck edge with

A-Il.ne at end of catapult stroke

A /V/E D G E AE D G E ,A /0 f A/1
I4. Establish initial conditions

y=o
=0

x=o
= 0V = it WIND

T=O

I- . Obtain nose tire deflection TIRN from load-stroke table
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6. Calculate rollng radius of nose tire

7. Calculate instanteous lenEth of nose gcaar (s, -- :'ijure 2)

D G BA R -=(z +1 DI - -R)/ CeG

8. Calculate nose gear s-ro]:e

9. if SN >O go to next step

If S11- 0 sAt Pl1 = 0 go to ster 1-

10. Obtain nose gear load PIT fLro gear load stroke table

11. Obtain r-,in t-ire deflection TfI4. frorm load-stroke -able

1-. Calculate rolling raziuzs of r.-an tire

RNPA = ( R , M -- R NNV a _

13. CalculatL instartaneous ;cn Tr of min gear (see li gure 2)

D8 BA\ R= %e m)/

14. Calculate main gear stroke

M-= D6 - D8BAR

15. If SM >O go to next step

If 51 O set PM = 0 go to step 17

16. Obtain min gear load P14 from: gear load stroke table

17. Calculate distances

\I0=z D C o- e+- D BAP\sn

18. Obtain aerodynamic coefficients CL, CD, and CM from aero tables

19. Calculate aerodynexaic loads

ALIFT= -VCL

D\A O= p V (C ,R) C-,+ D17 ALIRT cos C
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2(. Calculate sum of forces in x direction

3 'x=TR"cc ,(c<+C-r ) -,D RAG - \V s-,
4APN -PNK- (smY - Up- c-OsY)

+?-PAA. PtAK( -UR cosY")

21. Calculate sum of forces in z direction

>F+ PN - PN K-(A F +coT UR s~ Y")
" PMPNKK-(cos - +UR sin ')

22. Calcuitxe oum of moments about y axis
\iV~y=N O.N ---- AA ,4 PK. 'V

+PN-PMK. (All -UR'z)

- PNPMK (AO + U --S)

23. \/ IZIy
V v + . At

NI -,/, A _ ,
Y V + irAZ
*a I = A" y
e Iyy

e~ e + e.At
24. Calculate angle of attack

V - -y

25. Calculate components of V in ground axes

VyO V CO SY

V-7. V ST r
26 Calculate ground speed

V- -W N D

27. Calculate position in ground coordinates

L - A-
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28. For 3 conditions

A. Both gears on deck go to 5

B. Main gear only on deck set PN = 0, go to 11

C. Both geamoff deck set PN= PM = 0, go to 18

Continue above procedure until tmax is reached
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SECTIO:; LO

COICLUDI1-', 0T-1hJ

The program presented in this report is in part based u pon e-miirica.

data; therefore, it will be very helpful to future users of the method t.c

obtain and incorporate additional data and to irprove the accuracy ef the

enpirical quantities.
I

If an airplane is or hecomes marginal in terms of sink aver the bow,

f almost any factor which affects the airplane motion in any way will have

an effect on the amunt of sink. Any very small, changes in static margin,

J in gear load characteristics, in t4hrust available, or other such characteristla,

can cause considerable differences in amunt of sink experienced by the

airplane. The px-Aeaure given in this repoz-t should indicate those areas

which deserve the most attention with regard to improving the carrier

ouitability of the airplane.
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APPEiiX A

FORjjMI p~UI FCifACIM;E ColPUTAIf

This appendix includes a flow chart of the routir.-, a source

listing of the routine, a format for the Input data, and a definition

of the outnut data.
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C AIPPLA':I-= r'ALANC,- A!- V Z $i~ IED CATAPULT REPORT
SUPROUTIME STAQLF "l',: ~~f
Dif*ENSIONX(1hcr)
NN =N

5 DO 15 11NN
10 IF(XCI()-XARGi) 1.~
15 CONTINUE
16 I=NN
20 IF (1-1) 250?500
25 1=2
30 SLOPE=(Y1(l)-Y1(!-2;,.1: - 1(T1

*35 FUk=L P * X Q -I 11 )Y-' I
50 RETURN

E N Q)
C ;IMPL!FIED CATAP'jLT

DIMEI4SIO'J Pl.T(lO)), -'(I ,:*':T s 1 !J (19)) t,MTT( 10) tTIL T( l') t

RFAr1 NfPU T TAP- 5;FPt'
READ N JP LlT T A 1 ,:i 9 T= C'4T()11

RFAf) 1.NPUT TAPF5, P"~T T( I) iO, TM()e1i~

£ME I tU1UT I~~ t"', p U, fI i~IiSfH ~
READ INPUT TAPEs 99, ( ALFU"IT li ,=1 lO) ,jl I.=,irDT(
R EAD 1U"PUJT TAPES,; 99 ( A L t7! ) 1 cr O1 10 CWAT 1 1

100 READ INPUT TAPES,

1D129FCoTRtWsUR97AR!'XD,T,'PIYYiSIGTsPNKtPPKPDILTI)
2DEL T2 011 ND iDE--DCF t T'AX
REAP. INPUT TAPE'~, Q7,s)'7

79 FORMAT(5F15s4)
80 FORMAT ( IHO,3X27-v.A ' "' L') 'TROKE TABLE/I/
81 FORMAT(1H0p3Xs2714("3r P2 L~' STRO)KE TABLE/I
82 FORMAT (IHO 93X t271lA 1 N TIfRF '' SrROKE TABLE/I
S3 FORMAT1lH0s3X27WiCsF T I < C L 0At ) STROKE TABLE/I)
P4 FORMATC1HO,!3X)15HAFRO LIFT TA'QLFM/
85 FORMAM(H0,3X,15HAER0 DRAG TA9LE//
86 FORMAT(1HO03X918HAERO MAOMFNT TABLE/I)
87 F0RMAT(lH0i3Xt12HGENFRAL DA\T//
88 FORMAT(12A6)
89 FORMAT(1HI)

95 FORMAT(19HA/C D1', 'VOT i.A1_ , 1
96 FORMAT (7El5*4tF1S.3)
97 FORMAT (13)
98 FORMAT(//9X,1H?,JX'i FT ltlGAMt3tHP)3pH~
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114X, IHX,12X .3HVEL ,11X,4HTlIMF/)
99 FORMAT (5E16,4)

WRITE OUTPUT TAPE 6t89
WRITE OUTPUT TAPE 6t88,TITLE
WRITE OUT1PUT TAPE 6.80
W R 1T'E OUTPUT TAPE 6979,PMT,Sf4TFWRITE OUTPUT TAPE 6t81
WRITE OUTPUJT TAPE 6979,PNT,5I!T
WRITE OUTPUT TAPE 6,82
W 'RITE OUTPUT TAPE 6#790PNTT9TI~mT
WRITE OUTPUT TAPE 6,n3
WRITE OUTPUt TAPE ')p79tPtjT'l:TIRNT
WRITE OUTPUT TAPE 6tP4FWRITE OUTPUT TAPE 6,79PALFALTOCLT
WRITE OUTPUT TAPE 6s85
WRITE OUTPUT TAPE 6s79,ALFA0ToCDT
WRITE OUTPLUT TAPE 6,86fWRITE OUTPUT TAPE 6t799ALFAMTCMT

WRIT OUPUTTAPE 60~7
WRITEOUTPUTTAPE6tl) XCGZCGXN ,ZN.XM .ZM XBf

lDl2,FCt'RW,URTARM.~e'DTA PIYYSIGTPNKPMKPKDELTli
2DELT2,WINDiDEDGEtTMAX

I. WRITE OUTPUT TAPE 6s97oKID
WRITE OUTPUT TAPE 6#89
WRITE OUTPUT TAPE 6#88oTITLE
WRI TE OUTPUT TAPE.6,98
V=XDOT+WIND
DUMMY =0.
INDEX1l

SIGTR=SIt3T/57*3
D17=(XCG-XL)/12.
Di=(XCG-XN)/12,I D3=(XM-XCG)/12,
D6=(ZCG-ZIAJ) /12*
D8n(47CG-ZM.)/12.
D 2 =(X CG- -x 812.
PMxo75*W
PN=PM/5s
INO

6 CALL STABiLE (Pf4TtsMr,1oPM,5MI)
CALL STAB3LE (PNT,SNTt10,PNscNI)
CALL STABLE (PMTTtTIRMTtloPMqTIRM)I- CALL STAB3LE (PNTTtIIRNTP 1OPNoTIRN)
kNz'(RNO-TIRN)/129

RM.x(RMO-TIRM)/12*
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7 STUFY=O,
GO TO 9

8 STIUFY=SNI
D7=(ZCG-Z'3-STUF-Y)/12,

Si %I= ( P *P OV P( -

TH =ATF( P T (S!) 6 + S -S Slf!T

COST=COSF (TH')

Z2=(CD8-Sk ) *COST+D34*S I IT+r '?"
Z=(Z1+Z2 )/2.
D89AR= (Z-D3*,S IT-R') /CO'ST
D6'AR= (Z+r0l*SINT-RH) /COST
A1=D7*COST-r)2*SINT
A i0=D3*COST-D88AR*SlINi'
All=Dl*COST+fl6RAR*.S TNT
TH=THR*57 .3
CALL STABLE (ALFALTCLT210PTHCL)
CALL STABLE (ALFAMlTiCMTflf),Ts,CI)
AL IFT=RHO*S*'/*V*CL/2.
AMOMRHIO*S* V*V*-CBAR* CM,/2 .+D17*COST*AL IFT
SINB=(Z-A1)/D12
EETAR=ATANF(SINR/(SOTF(1-SINB*$SINB)))
COSE3=COSF (RETAR)
TAN8=SlIN13/C-OS3
FCZ= FC*TANR
FCP=FC/COSR
PCBAR=D7*COS-- THR+P.ETAR )-P2*51 NP(THR+RETAR)
GF=W-AL IFT-TR*SINF (THR+SIGTR )+FCZ
GMi=At.IOM+PCRAR*FCP-Z*EUR* C2 * *PM+PN )-TR* TARI
PNA= (GF*AlO-GM) /(A1O+Al1)
PMA=(F*All+GW/(2.*(AlO+A11))
IF(ABSF( (PN-PNA)/PN)-s05) 10i10,13

10 IFCAlrSF((PM-PMA)/PM)-#05) 15,15,13
13 PM=(PMl+PMA)/2.

PN= (PN+PNA )/2s
1=1+1
IF(I-50) 6t6,59

15 tWRITEOUTPUTTAPE69 96,ZTHP1JM YPMAPNA-rDIIMlYVDU.,Ay
P A= PMIlA
P Nz P NA
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T-=T 45 7.#3
C')ST=C')SF (TH ")
SINT=SlINP,%TH'-'
A2=D2*C0ST+D47*yS I'%T
f)ELT=i)FLIT 1
ANP-DGE=DE":+2+)1?*rO, -;.1

P2n=RHO*c'W2,
P21 =P20*C-!AD
SICGTRSI'lT/:-7,3
GA?-4i) 0T= 0.
GA mA=,
GAMAR =0.
Au FAR =T H
Zr) 0T =0.
C-OSG=COSF (GA-AR)
5S1NG= S INF (GA-',AR)
TH00)T=O.

V=XD0T+'-,:I ,-'

20 CALL STAn)Lc(P1.TTTV'T, 10,r~,--,TlV',)

f)6rnAR= (Z+rl*ql T-P! /COcT
SN'=06- D6 '3AQ!
SN! = $ *1 2.

18 CALL STAn3LE (.Y'T,2 Tqir'f,;,:1 K
GO0 TO 22

?I PM=0.
22 CALL ST/tPL E (?~,'T 4TI T, 10,PMT Jv

R"I= (RMO-T V') / 12 .
D8RAR = (Z-13*SI IT-Q ) /COST
SIM=D8 -,'8 Q A
SMI =SA* 12,
IF (SM I) 3 2 P32 92 1

23 CALL STARL E(SM'.T s,'T 910) SHIPi
GO TO 31

30 DELT=DELT2/-

32 P M -0.
31 Al0=D3*C0ST-D8QAR*S5PIT

Ai11D*kOST+06qAPMS INT
CALL STARL ( ALFALT ,CLT, 10 ,ALFA ,CL)
CALL STALrj-(A.LFAr)TPCrTt 10),A LFAtCn)
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CALL ,; '--
AL IFT=02O0*/*V*CL
D?~AG =P2 0)*V -

.S!J.FX=Tr,-rC-'-(izL FV4

Z LP*t~ I TI r,*C+ T

1+Pt**Pi)Y.*(C C3-'$I
a -! -

T=T±CcLT

24 VDOT SX/
VI=V+'IDOT*"Er-LT

,GAl'A=GA'.? *37. *

Cr"ST=I~cC)F 'H

TH=TH *57 a 1
AL F A = T- -, 1 A ',

ALFAR=AL=A/57. 3

V Z = V * Co I G

S=' Z X rV 0 *T L T

I NI n F X = I N r) X + I
IF( INEFX-5f)) ''4,8

48 INDEX=1
W-,RIITE OU-TPUJT TAPE 69R9
WRJTE OUTPUT TAPE 6,83,TITLE7
WRITE OUTPUT TAPF 6,

49 WRITE OUTPUT TAPE 6, 6,ZTHGCAAtP*;,F- ,XVT
IF(X-ANFF)GF) 20920t5O

50 IF ( X-A,,.,F1) 6E ) 21,21,30
59 I.-RITE0IjTPIJTTAPF6, 95
60 C01T I NHI

CALL EXIT
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GO TO 100
END

0232
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FORMAT FOR INPU DATA

CARD SYMBOLS DEFINITION OF SYMBOLS UNITS

1 PMT (1) Axle stroke (1) "ssociated with Ils.
main gear load table

1 PMT (2) Axle stroke (2) associated with I.s.
main gear load table

t I,

1 PMT (5) "
2 PMT (6)
2 PMT (7)

I

2 PMT (10) Axle stroke (10) associated with
main gear load table

3 SMT (1) Main gear load (i) associated witn in.
main -Lear axle stroke table

3 SMT (2) Mai n gear load (2) associated -ith Zn.
main gear axle stroke table

3 S1T (5)
4 SI-IT (6 )
4 SIT (7)

4 SMT (10) Maijxn i,car load (10) associated with
main gear axle stroke table

5 PNT (1) Axle stro[e (1) associated with its.
nose gear load table

5 PNT (2) Axle stroke (2) associated with !i:s.
nose gcar load table

5 PNT (5)"
6 PNT(6) "
6 PNT (7)

6 PNT (10) Axle stroke (10) associated with lus.
nose gear load table
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FORMAT FOR INPUT DATA

CARD SYMBOLS DEFINITION OF SYMBOLS UNITS

7 SNT (1) Nose gear load associated with in.
nose gear axle stroke table

7 SNT (2) Nose gear load associated with ill.
nose gear axle stroke table

I It

7 SNT (5)
8 SNT (6)
8 SNT (7)

SI II

8 SNT (10) Nose gear load associated with in.
nose gear axle stroke table

9 PMTT (1) Main gear tire deflection (1) lbs.
associated with main gear load table

9 PMTT (2) Main gear tire deflection (2) assoc- lbs.
Jlated with main gear load table

II

T Ir

90 PMTT ("
10 PMT 0r
10 PMTT 7)

associated with main gear load table

11 TIRMT (1) Main gear load (1) associated with in.
main gear tire deflection table

11 TIRMT (2) Main gear load (2) associated with in.
main gear tire deflection table

11 TIRMT (5)
12 TIPMT (6)
12 TIRMT 7)

| II

12 TIRMT (10) Main gear load (10) associated with in.
main gear tire deflection table

I.

I.
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FORTMAT FOR INPUT DATA

CARD SYMBOLS DEFINITION OF SYMBOLS UNITS

13 PNTT (1) Nose gear tire deflection (1) lbs.
associated with nose gear load table

13 PNTT (2) Nose gear tire deflection (2) lbs.
associated with nose gear load table

13 PNTT (5)
14 PNTT (6)
14 PNTT (7)

14 PNTT (10) Nose gear tire deflection (10) lbs.
with nose gear load table

15 TIRNT (I) Nose gear load (1) associated with in.
nose gear tire deflection table

15 TIRNT (2) Nose gear load (2) associated with in.
nose gear tire deflection table

15 TIRNT 5s)
16 TIRNT (6)
16 TIRNT (7)

I II

16. TIRNT (10) Nose gear load (10) associated with in.
nose gear tire deflection table

17 ALFALT (1) Angle of attack (1) associattd with none
lift Aoefficient table

17 ALFALT (2) Angle of attack (4) associated with none
lift coefficlenL table

S V

17 ALFALT (5)
18 ALFALT 6
18 ALFALT %7)

t t!

18 ALFALT (10) Angle of attack (10) associated with none
lift coefficient table
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FORMAT FOR INPUT DATA

CARD SYMBOLS DEFINITION OF SYMBOL UNITS

19 CLT (1) Lift cuefficient (1) associated with degrects
angle of attack table

19 CLT (2) Lift cvcf;Icient (2) associated with det;erz,
angle ui z-tack table

I II

19 CLT (5)
20 CLT (6)
20 CLT (7)

I II

20 CLT (10) Lift " i'iIcc.L (10) associated with degrees
Pngle ufI" aLLck table

} 21 ALFADT (1) Angle of attack (1) associated with none
drag coefficient table

21 ALFADT (2) Angle of attack (2) associated with none
drag coefficient table

I II

21 ALFADT (5)
22 ALFADT 6)
22 ALFADT 7)

I It

22. ALFADT (10) Angle of attack (10) associated with ncne
drag coefficient table

23 CDT (.1) Drag coefficient (1) associated with degrees
angle of attack table

23 CDT (2) Drag coefficient (2) associated with degrees
angle of attack table

I II

I II

23 CDT (5) "
24 CDT (6)
24 CDT (7)

I II

1}I II

24 CDT (10) Drag coefficient (10) associated with degrees
angle of attack table

I_
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FORMAT FOR INPUT DATA

CARD SYMBOL DEFINITIOIN OF SYMBOL UNITS

25 ALFAMT (i) Angle of attack (1) associated none
with aero. moment coefficient table

25 ALFAMT (2) Angle of attack (2) associated none
with aero. moment coefficient table

25 ALFAMT (5) "
26 ALFAMT (6)
26 ALFAMT (7)

26 ALFAMT (10) Angle of attack (10) associated none
with aero. moment coefficient table

27 CMT (1) Aero. moment coefficient (1) degrees
associated with angle of attack table

27 CMT (2" Aero. moment coefficient (2) degrees
associated with angle of attack table

27 CMT (5)
2$ CMT (6"
28 GMT (7)

28 CMT (10) Aero. moment coefficient (0) degrees
associated with angle of attack table

FORMAT (5Elo.4)
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FORMAT FOR BASIC INPUT DATA

CARD SYMBOL DEFINITION OF SYMBOL UNITS

29 XCG Fuselage station of airplane f.s.
center of gravity

29 ZCG Water line of airplana center w.l.
of gravity

29 XN Fuselage station of nose gear f.s.
axle

29 ZN Waterlinz of nose gear axle w.i.
at zero stroke

" 29 XM Fuselage station of main gear f.s.

axle

* 30 ZM Waterline of main gear axle W.I.
at zero stroke

30 XB Fuselage station of catapult f.s.

bridle attachment point
30 ZB Waterline of catapult bridle w.l.

attachment point (at nose

J gear stroke =0 !f applicable)
30 XL Fuselage station of aerodynamic f.s.

reference point
30 RNO Nose gear undeflected tire radius in.

31 RMO Main gear undeflected tire radius in.
31 RHO Air density slups/ft 3

31 S Wing area ft.

31 CBAR Mean geometric chord f .

31 D12 Catapult bridle length ft.

32 FC Catapult force at stroke end lbs.

32 TR Thrust lbs.

32 W Airplane weight lbs.
32 UR Coefficient of rolling friction none

32 TARM Thrust moment arm to c.g. ft.
( * above c.g.)

33 XDOT Ground speed ft./sec

33 APIYY Airplane pitch moment of inertia slug-ft
at c.g.

33 SIGT Thrust angle degrees

33 PNK Nose gear load attenuation none
constant

33 PMK Main gear load attenuation none
constant

I.
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FORMAT FOR BASIC IiNPUT DATA

CARD SYMBOL DEFI:!ITIOi: OF SYMBOL UNITS

34 PK Aerodynamic pitch damping lb-sec 2

34 DELTI Time increment before deck sec
edge

34 DELT2 Time increment after deck sec
edge

34 WIND Wind velocity ft./sec.
34 DEDGE Distance from catapult shuttle ft.

at end of stroke to deck edge

35 TMAX Maximum time

FORMAT (5ElO.4)

36 KID Control number; if KID =0 cat
bridle attach point stationary,
if KID > 0 cat bridle attach
point moves with nose gear
stroke none

FORMAT (3)
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OUTPUT DATA
I-

FORTRAN l

NAME NAME DEFINITION UI7ITS

Z Z e.g. Height Above Deck ft

TH THETA Airplane Pitch Attitude degrees

J GAMA GAM4A Flight Path Angle degrees

PM P Main Gear Load (One Gear) lbs.

J PN PN Nose Gear Load lbs.

X X Horizontal Distance Traveled ft
(x = 0 at Catapult Stroke End)

V VEL Airspeed ft/sec

I T TIME Time (t-O Oat Catapult sec
Stroke End)

I

1 '
I,
I.

I.
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